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devices become impractical. They become too small and 
expensive, require precision machining to produce, and 
their insertion loss can become too great. 




Replace the paragraph on page 2, lines 7-16 with the 

following : 

One method of amplifying these high frequency beams is 
to combine the power output of many small amplifiers in a 
quasi-optic amplifier array. The amplifiers of the array 
are oriented in space such that the array can amplify a 
Gaussian beam of energy rather than amplifying a signal 
guided by a transmission line. However, commercial use of 
these "open" systems is not practical because they are 
fragile and can be contaminated by the surrounding 
environment. Also, there is no simple, durable and reliable 
mechanism for beam phase shifting or steering. 




Replace the paragraph on page 3, line 20-33 with the 

fol l owing : 

A second impedance structure has/been developed that 
is particularly applicable to the si/aewalls and/or top and 
bottom walls of metal rectangulair waveguides. [M. Kim et 
al . , A Rectangular TEM Wavegu/de with Photonic Crystal 
Walls for Excitation of Quasi ^Optic Amplifiers , (1999) IEEE 
MTT-S, Archived on CDROM] / Either two or four of the 
waveguide's walls can have this structure, depending upon 
the polarizations of tme signal being transmitted. The 
structure comprises /parallel conductive strips on a 
substrate of die]/ectric material . It also includes 
conductive vias tXrough the sheet to a conductive layer on 
the substrate'^ surface opposite the strips. At the 
resonant frequency, this structure presents as series of fc 
high imppriar/ifi rpsnn^f T.-C circuits 
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Replace the paragraph on page 4, line 24 to page 5, line 1 
with the following: 

^ -Waveguides employing these high impedance structures 

are also able to transmit signals close to the resonant 
frequency that would otherwise be cut-off because of the 
waveguide's dimensions if all of the waveguide's walls were 
conductive. At the resonant frequency, the waveguide 
essentially has no cut-off frequency and can support 
uniform density signals when its width is reduced well 
below the width for which the frequency being transmitted 
would be cut-off in a metal waveguide. ^ 

Replace the paragraph on page 6, lines 4-24 with the 

following : 

Another embodiment of the new waveguide includes both 
a phase shifter and an amplifier array to amplify the phase 
shifted signal- For a vertically polarized signal, a multi- 
region impedance structure is initially provided on the 
waveguide's sidewalls. The first region is a conductive 
strip impedance structure that is resonant to the beam 
frequency at the front of the waveguide. Progressing 
further down the waveguide, the gap between the conductive 
strips narrows, reducing the structure's resonant 
frequency. Next the signal enters the phase shift region 
where the gap between the strips maintain a constant width. 
Between the gaps is a varactor structure that varies the 
capacitance across the gaps in response to voltage changes. 
As described above, this change in capacitance shifts the 
beam's phase. The signal then enters the second transition 
region where the gaps widen so that the structure resonates 
at the signal frequency. The signal then enters the 
amplifier region, which has a strip structure on all four 
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walls that resonates at the signal frequency. This section 
provides a near uniform signal to the amplifier, and the 
amplified signal emits from the waveguide. 



1 

Replace the paragraph on page 7, lines 5-11 with the 




follp-wing : 



To reduce beam degradation from reflection off the 
front edge of the module the waveguides in the module 
include a front end launching region in the form of a patch 
impedance structure that is resonant at the beam frequency. 
This makes the front edges of the waveguides invisible to 
the entering wavefront, allowing only the TEM mode of the 
signal to enter the waveguide and preventing signal 
reflection. 



'Replace the paragraph on page 8, line 2 3 to page 9, line 2 

witjv the following: - 

FIG. 1 shows a new phase shifting waveguide 10 
constructed in accordance with the present invention, which 
comprises a top wall 15, a bottom wall 17 and left and 
right sidewalls 14, 16. It further comprises strip 
impedance structures 12 on its left and right sidewalls 14, 
16. Each impedance structure includes a plurality of 
conductive strips 18 parallel to the waveguidej s 
longitudinal axis and facing its interior. The strips 18 
are made of a conductive material and are provided on a 
substrate of dielectric material 20. Conductive sheets 24 
are provided over the exterior of each dielectric substrate 
20 with vias 22 included along each strip's longitudinal 
axis extending through the substrate to its respective 
sheet 24 to form a conductive path between the strips and 
the sheets. : — 
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Replace the paragraph on page 10, lines 15-22 with the 
following . 

^^Numer^us materials can be used to construct the 
impedance stimcture 12. The dielectric substrate 20 can be 
made of many \ dielectric materials including, but not 
limited to, plasties, poly-vinyl carbonate (PVC) > ceramics, 
or high resistance\semiconductor material such as Gallium 
Arsenide (GaAs) , allNof which are commercially available. 
Highly conductive maoerial should be used for the 
conductive strips 18, conductive layer 24 and vias 22 



Replace the paragraph on page 11, line 28 to page 12, line 

6 with the following: 

A second embodiment of the new waveguide phase shifter 
4 0 according to the present invention is shown in FIG. 4, 
and comprises a top wall 44, a bottom wall 4 6 and left and 
right sidewalls 43,45. It further comprises the previously 
described impedance strip structures 42 on its sidewalls 
43, 45, with the strips 48 parallel to the waveguide's 
longitudinal axis. In this embodiment, the frequency at 
which the individual structures resonate can be varied 
within a range of resonant frequencies below the frequency 
of the signal the waveguide 40. Different resonant 
frequencies for the impedance structures result in 
different shifts in the phase of the signal passing through 
the waveguide . The resonant frequency of the impedance 
structure 42 is varied by varying the capacitance between 
the strips 48. 




"f±(J. s is aNietailed sectional view of one of the 
impedance structure^ 42. It has alternating conductive 
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trifts 48 similar to those described above. They have 
unifotm width and are formed on a dielectric substrate 52, 
that o&n be made of the same dielectric materials as the 2 0 
in FIG\ 1. Conductive vias 54 extend from the strips, 
through \the substrate 52 to a conductive layer 56 on the 
substratev s outer surface. Control strips 4 8a are provided 
between the conductive strips 48 and have a voltage (V) 
applied to \them that controls the capacitance across the 
gaps between\ strips 48 and 48 a. Each control strip 48a 
has vias 55 extending through the dielectric substrate 52 
to the conductive layer 56. Each strip comprises a 
conductive via Oypip 65 on top of its vias 55, an insulator 
strip 66 on top 6f the via cap 65, and a wider conducting 
voltage strip 67 \on the insulating strip 65. Each gap 
between strips 48 and 48a have a pair of varactor diodes 58 
to vary the capacitance across the gaps. Varactor diodes 
are junction diodes Vhat are utilized for their voltage 
dependent capacitance A A conductive N+ layer 60 connects 
each pair of varactor uiodes across each gap. Along the 
edge of each insulating strip 66, between the voltage strip 
67 and the varactor diodeXbelow, is a conductive coupling 
strip 68 that provides A conductive path between the 
voltage strip 67 and the var&ctor dio_d.e_5.8-. 

Replace the paragraph on page 13, lines 13-23 with the 

following : 

y ^ In fabricating the diodes 58, N+ layers 60 of a 
semiconductor material such as GaAs , are etched into mesas 
before the strips are formed. The layer 60 runs along 

the gaps between the scrips and will be partially below the 
strips 48 on each side W the gaps. The diodes 58 are then 
formed on the N+ layer 6*0, with both the N+ layer 6 0 and 
the diodes terminating sha^t of the vias 54 and [55A] 55 
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and separated therefrom by intervening portions of the 
dielectric mau^rial . When the strips 48, insulating layer 
66, coupling strife 68 and voltage strip 67 are formed, they 
extend over a diode. 5 8 on each lateral side. 



j 



Replace the pragraph on page 14, lines 18-2 9 with the 
following : 

The signal entering the waveguide encounters a first 
transition region 90 which is shown in more detail in FIGs . 
9 and 10. This region has strips of conductive material 92 
on a dielectric substrate 94. Like the above embodiments, 
conductive vias 96 run from the strips 92 through the 
dielectric substrate 94 to a conductive layer 98 as best 
seen in FIG. 10. The structure is different from the above 
embodiments because the gaps 99 (see FIG. 9) between the 
strips are initially at a width that allows the structure 
to resonate at the frequency of the signal passing through 
the waveguide. The gaps 99 then narrow moving away from the 
front of the waveguide, reducing the resonant frequency. 

/^Replace the paragraph on page 14, line 30 to page 15, line 
111 with the followng: «*^— 
As shown by the graph in FIG. 3, decreasing the 
impedance structure ' s resonant frequency places the 
waveguide in the portion of the curve 32 where additional 
changes in the resonant frequency result in larger changes 
i-n -The beam's propagation constant. 



Replace the paragraph on page 15, line 26 to page 16, line 
6 wi.th the following: 



The signal then enters the amplifier region 106. An 
array amplifier chip 108 is positioned within this section 
to amplify the signal from the second transition section 
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104. The amplifier region 106 has impedance structures 
mounted on all four waveguide walls to support both 
horizontal and vertical polarizations (cross polarized) . A 
signal reaching the array amplifier chip 108 will have 
uniform E and H fields, and thus, equally drives each of 
chip's amplifiers. Array amplifier chips 108 are generally 
transmission devices rather than reflection devices, with 
the input signal entering one side and the amplified signal 
transmitted out the opposite side. This reduces spurious 
oscillations that can occur because of feedback or 
reflection of the amplified signal toward the fionrne. 

Replace the paragraph on page 16, line 25 to page 17, line 

5 with the following: 

Matci^ing grid polarizers 110 and 112 are mounted on 
£ach side 0 s ! and parallel to the array amplifier chip 108. 
The polarizers appear transparent to one signal 
polarization, wNj-le reflecting a signal with an orthogonal 
polarization. Fo^* example, the output grid polarizer 112 
allows a signal witK an output polarization to pass, while 
reflecting any signa\ with an input polarization. The 
input polarizer 110 \llows a signal with an input 
polarization to pass, whi\e reflecting any signal with an 
output polarization. The distance of the polarizers from 
the amplifier can be adjusteck allowing the polarizers to 
function as input and output tuners for the amplifier, with 



the polarizers providing the 



maximum benefit at a specific 



■ the <£Tn gTTfIer. 



V 

Replace the paragraph on page 16, lines 7-14 with the 
_f,ol lowing : 



Array amplifiers chips also change the polarity of the 
signal 90° as it passes through as is amplified, further 
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^ ^ reducing spurious oscillations. However, a portion of the 

j \$ input signal carries through the array amplifier with the 

/ f* v> original input polarization. In addition, a portion of the 

' output signal reflects back to the waveguide area before 

the amplifier. Thus, in amplifier section 106 both 
polarizations will exist. 



/ {Replace the paragraph on page 16, lines 15-24 w 



ith 



I LfoXl ow ing 

The strip feature of the wall structures allows the 
amplifier section 106 to support a signal with both 
vertical and horizontal polarizations. The wall structure 
presents a high impedance to the transverse E field of both 
polarizations, maintaining the E field density across the 
waveguide for both. The strips allow current to flow down 
the waveguide in both polarizations, maintaining a uniform 
H field density across the waveguide for both. Thus, the 
cross polarized signal will have uniform density across the 



Replace the paragraph on page 18, line 25 to page 19, line 
6 with the following: 

A portion of the incoming beam can reflect off the 
front edges of the waveguides 113, degrading the signal. To 
reduce this reflection, each of the waveguides can be 
£^ provided with a launching region 12 0, beginning at the 

entrance to the waveguide 113 and continuing for a short 
distance down its length. FIGs. 12 and 13 show the launcher 
region 120 in more detail. It is similar to the above 
described strip impedance structures, but instead of strips 
which extend for the length of the waveguide, it employs an 
array of mutually spaced conductive patches 122 on a 
dielectric substrate. The patches are preferably hexagonal 
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shaped, but can also have other shapes. Vias 123 extend 
from the center of each patch 122, through the dielectric 
substrate 124 to a conductive layer 125 on the substrate's 
opposite side (as best seen in FIG. 13) . 

Replace the paragraph on page 19, lines 7-19 with the"7 
^following: 

The launching regions resonate at the frequency of the 
beam entering the waveguides in the module. The vias which 
extend through the substrate present an inductive reactance 
(L) , while the gaps between the patches present an 
approximately equal capacitive reactance (C) at the 
waveguides resonant frequency. The launching regions thus 
present parallel resonant high impedance L-C circuits to 
the beams E field component. The L-C circuits present an 
open-circuit to the E-field, allowing it to remain uniform 
across the waveguide. The low impedance on the top and 
bottom waveguide walls, which do not have impedance 
structures, allows current to flow and maintain a uniform 



Claims 

Replace <-the corresponding claims in the 
application with the following amended claims: 



original 



1 . A rectangular waveguide for 
signal transmitted through i^, <^mp / ^>j_si9fg 



g the phase of a 
bottom wall and 



a waveguide comprising a/xop j 
two sidewalls; and 

at least one pai^ of cfpp 
structures, with one of/feaid at le 
top wall and bottom y&ll , or said sidewalls, or both, each 
of said wall structures presenting a surface impedance to 



impedance wall 
t on pair being on said 




